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PURPOSE 
I 

I To investigate the operating charac te r i s t ics  and the flow dis t r i -  
bution in two turnout s t ruc tu res  and determine any design changes needed 

, t o  insure quiet flow in the pools above.the measuring weirs .  

CONCLUSIONS 

1. Slatlike baffles in the turnout channels (Figures  6 and 8E) 
produce flow upstream f rom the wei rs  that is sufficiently tranquil  for  good 
flow measurements  with the turnout gates  e i ther  fully o r  par t ia l ly  open, o r  
with flow passing over the emergency bkimming)  wei rs  (Figure 9). Flow 
quantities in the turnouts will be determined by recording the head on a 
sha rp  crested,  suppressed, aerated,  rectangular  weir, and using appro- 
pr ia te  standard weir  tables. 

2. The weir  basins can be shortened 3 feet f rom the original 
length to  lengths of 21 and 19 feet, respectively (Figures 3 and 4). 

3. With the turnout gates wide open and only the turnout flow 
entering the s t ruc tures ,  the water  s u r f a c e  in the s t ruc tu res  will be low 
enough s o  that t he re  will be no flow in the main conduit downstream. 

4. In the event that the ports  of the s l a t  baffles become clogged, 
approximate flow measurements  can  s t i l l  be made (Figure 12). Clogging 

* is not anticipated because the water  entering the conduit is c l e a r  and the 
line i s  closed except a t  turnouts and vents. 

5. The  skimming wei r  c r e s t s  should be se t  a t  the elevation of the 
energy grade  fo r  the normal  main conduit discharges r a t h e r  than a t  the 
hydraulic grade in the shor t  open sect ion of the main conduit. 

6. The right walls of the open sect ions of the main conduits 
should be a t  l eas t  a s  high a s  the energy grade  for  the maximum discharges 



,.. ,.., ,,.,.,,, ,...,.-. --- . - ---> turnout gate f rom flowing back into the main 
conduit (Figure 13). 

I 

RECOMMENDATIONS 

1. Use the slatl ike baffles and the pool lengths shown on Figures  
0 --J o v  

- I 

2. Place  the turnout skimmine. wei rs  a t  the energy grade  f o r  the 
normal  maximum 

- . . . - . - - . - - . . - - 
0 -- - 

main conduit flows. 

3 Raise the rirtht w a l l s  of the oDen sections in the main conduit -. --- - -D - -  - - - ---- - - 

above the energy line f o r  maximum flow with water passing over  the turn- 
out skimming weirs. 
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INTRODUCTION 

The Camino Conduit is a concrete  pipe line which t r anspor t s  
untreated water westward f rom Sly P a r k  Dam t o  the town of Camino about 
60 miles  east of Sacramento. California (Figure 19. Most of the water  
will b- - ------- - _ - _ -  -.. 
remainder  will be used 

- - - - - - - - - - - 

e released into a n  exisiing i r r igat i& d k r i b i t i o n  system, and the 
domestically. The outlet works of Sly P a r k  Dam, 

which supplies water to  the conduit, i s  discussed in Report Hyd 383. 

Two turnout s t ruc tu res  with water measuring facil i t ies a r e  
located along the conduit a t  Stations 105-1-85 and 26%-50 t o  divert  water  
into portions of the existing i r r igat ion sys tem (Figure 2). The f i r s t  
s t ruc tu re  rece ives  flows up t o  125 cfs  and d iver t s  35 cfs (Figure 3). 
The second s t ruc tu re  rece ives  up to 90 cfs  and d iver t s  20 c fs  (Figure 4). 
The r a t e  of inflow to the conduit is measwed bv a ventur i  me te r  a t  Sta- 
tion 3+80 and the r a t e  of flow in thc 

- - - - - - - - - - -.I - 
e main conduit below each turnout 

s t ruc tu re  is determined by subtracting the diver ted flow f rom the con- 
duit inflow. This  r equ i r e s  measurement  of the diverted flow, and each 
turnout s t ruc tu re  was designed t o  include water measuring facilities. 

a 
.--. - 

The r a t e  of diverted flow ii determined by measuring the lhead on 
suppressed weir placed a t  the downstream end of each  turnout channel, 
and using suitable discharge tables. An automatic recording instrument 
operating in a sma l l  st i l l ing 
be used fo r  the head measurement.  

- - - - - - - - - - . 

well tapped into thk s ide  of the Geir  pool will I 



f i r s t  and l a rge r  s t ruc tu re  the inflow a t  t imes  may not exceed 35 cfs and 
al l  this flow might be diverted out of the main line. The water entering 
the s t ruc ture  would flow down the sloped floor and plunge into the pool 
in the bottom of the s t ruc tu re  (Figures  3 and 11A). It would then pass  
through the fully opened turnout gate into the turnout channel, and af ter  
passine the st i l l ing baff les  would go through the weir pool and over the 
measuring weir  to the ditch of the irrigation system. 

At flow r a t e s  grea te r  than 35  cfs, where par t  o r  most of the 
water  continues down the main conduit, flow into the turnout channel 
occurs  through the partly closed gate. The gate must be se t  to  thrott le 
the turnout flow to the desired amount, up to the maximum of 35 cfs, and 
to  hold the water  sur face  in the main s t ruc tu re  high enough to  pas s  flow 
on down the main conduit. In the f i r s t  s t ruc tu re  this  imposes a head up 
to  10. 2 feet on the gate (measured from the water  sur face  to  the invert 
of the gate opening). 

The main conduit upstream of the turnout is capable of car ry ing  
up to  125 cfs, whereas the main conduit downstream has a capacity of 
about 90 cfs. During routine operation a t  the maximum flow of 125 cfs, 
35 cfs  will be diverted through the gate and 90 c fs  will continue in the 
conduit. A n  abnormal  condition could occur, however, if the turnout 
gate is inadvertently left closed and 125 cfs is re leased  f rom the dam. 
To prevent subsequent flooding of this turnout and other s t ruc tu res  down- 
s t r eam,  a spillway o r  "skimming weir" i s  placed above the turnout gate 
to  sk im off water  when the pool depth exceeds that which will supply 90 
cfs to the conduit downstream. The flow over the weir drops  into the 
upstream end of the turnout channel and is measured in the s a m e  way as 
normal  re leases .  

The second turnout and measuring s t ruc tu re  (Station 2 6 3 i 5 0 )  i s  
generally s imi l a r  in design and operation, but is sma l l e r  (F igure  4). 
The maximum flow in the main conduit upstream is 90 c f s  and the maxi- 
mum diverted flow 20 cfs. The head on the gate with 70 cfs  continuing 
in the main conduit is 13. 5  feet. 

Regardless  of whether water en ters  the turnout channel through 
the full open gate a t  low heads, through the par t ly  closed gate a t  higher 
heads, o r  over  the skimming weir, the r a t e  of flow must  be measured 
before the water leaves the turnout s t ructure .  T o  obtain a reasonably 
accura te  measurement  of the head on the weir, the  sur face  of the weir 
pool must be fair ly  smooth. And to apply the s tandard suppressed r e c -  
tangular weir formulae, the flow must approach the weir with fai r ly  
uniform velocities a c r o s s  the channel. This  r equ i r e s  effective baffling 
if the length of the channel i s  to be kept to  a practicable minimum. To 
a s s i s t  in designing the baffles and other portions of the s t ructure ,  and to  
insure  that the general  flow within the over-all  s t ruc tu re  was satisfactory,  
hydraulic model s tudies  were  requested. The 1:4 sca l e  models used in 
these studies, and the r e su l t s  f rom t e s t s  made on them, are discussed in 
this  report .  



9escr ip t ion  of the Models 

Station 105t85 Turnout 

A 1:4 sca l e  model was built of the Station 105+85 turnout s t ruc -  
t u re  (Figure 5). A 100-inch long section of 18-inch horseshoe conduit, 
preceded by a 30-inch long transit ion from the horseshoe shape to  a 12- 
inch c i rcu lar  pipe, ca r r i ed  water f rom the supply sys tem to the turnout 
s t ruc ture .  The main portion of the model was formed of waterproofed 
plywood. Sheet metal  w a s  used for the transit ion sect ions and for the 
12-inch diameter  section of downstream main conduit. A lightweight 
metal  s l ide gate on the end of the main conduit section permit ted regula- 
tion of the conduit flow. A heavy gage, 9- by 12-inch sheet-metal  gate 
regulated the flow into the turnout channel. A 16-gage, sheet-metal  
blade formed the skimming weir on the wall above the turnout gate, and 
a machined 114-inch thick blade was used for  the measuring weir near  
the  end of the turnout channel. Wood was used for the weir basin st i l l-  
ing baffles. 

Water was supplied to  the  model through the permanent labora- 
t o ry  sys t em and the r a t e  of flow was measured by calibrated venturi  
meters .  Piezometer  s ta t ions were provided a t  appropriate  points in the 
model to enable measurement  of the water  depth and head. The water  was 
regulated to correspond to  the calculated hydraulic grades  by par t ly  clos- 
ing the gate on the downstream conduit section and by creat ing slow veloc- 
ity flow in the horseshoe inlet by means of a gridlike obstruction near  the 
upsteam end. After passing through the model, the water re turned  to  the 
laboratory r e se rvo i r  for recirculation. 

Station 263i-50 Turnout 

The studies on the Station 105+85 s t ruc tu re  showed the turnout 
channel and weir  basin to  be the places where the design was cr i t ical .  
Model studies for the Station 263t-50 s t ruc tu re  were  therefore  l imited t o  
the channel and basin of a 1:4 sca le  section built into the existing Station 
105+85 model turnout channel (Figures  6 and 14). The height of the gate 
was reduced f rom 9 to  7-112 -inches by a f i l ler  block a t  the top of the 
opening, and the height of the skimming weir above the channel f loor was 
ra i sed  by a bulkhead. The t r u e  equivalent height of the prototype weir 
could not be easi ly  represented because i t  woul'd have been higher than 
the sidewalls of the model. A height equivalent to 1 2  feet  was obtained, 
and this was considered adequate because the maximum prototype water  
depth with no flow over the skimming weir will not exceed 13.5 feet. 

T e s t s  on the Station 1051-85 Turnout Structure  

Diversion into Turnout Channel--35 cfs 

In the initial design, water entered the compartment above the 
turnout gate with a clockwise swirl ,  and thereby induced a sideward 



the  flow did not en t e r  the  turnout  channe l  along the channel axis,. but 
tended to flow along the r ight  wall  and t o  c r e a t e  a counterc lockwise  eddy 
in the basin. Cut-off wal ls  w e r e  placed in the  lower  opening f rom the  
main  conduit to  d i r e c t  the flow m o r e  squa re ly  into the gate  opening. The 
walls  extended 14, 17, and 19 inches ups t r eam f r o m  the gate wall. T h e  
17-inch wall was  the s h o r t e s t  that would p e r f o r m  adequately (F igure  7, C 
and D). An 18-inch-long wall  (72 inches  prototype) was  se lec ted  by the 
de s igne r s  and a l l  subsequent  t e s t s  w e r e  made  with th is  length wall  in 
place. 

The  concentrated s t r e a m  f r o m  the 12-inch wide gate  c r e a t e d  
l a rge  d i s tu rbances  in the re la t ively  shor t ,  32-inch wide weir  basin. 
Dispers ion  of th is  s t r e a m  could be accomplished by inc reas ing  the length 
of the basin, but s u c h  a bas in  would be  uneconomical  and difficult t o  fit  
to  the field t e r r a in .  11 s h o r t  and m o r e  economical  s t r u c t u r e  was  sought 
which used baf f l es  in the  path of the flow to f o r c e  the  dispers ion.  T h e  
fi-st model baffles we re  blocks 12  inches high and  t r i angu la r  in cross 
sec t ion  with 4-inch s i d e s  (F igure  8A).  The blocks  w e r e  moved about in 
the a r e a  just  downs t ream f rom the  gate until a n  a r r a n g e m e n t  was  found 
that  was  fa i r ly  effective in sp read ing  the flow when the  ga te  was  fully 
open (F igure  8A). No a r r angemen t  was  found that  was  s a t i s f ac to ry  fo r  
pa r t i a l  gate openings where  the  head on the ga te  was  increased.  The  
addit ion of a ve r t i c a l  cu r t a i n  wall  15 inches downs t ream f r o m  the  blocks  
improved the flow. The  bottom of the wall  was  7 inches  above the pool 
floor and i t s  apparen t  effect was  t o  corlfine the  choppy waves  t o  the up- 
s t r e a m  pa r t  of the channel. A second wall 12 inches downs t ream f r o m  
the  f i r s t  and with the bottom 6 inches above the f loor  f u r t he r  improved 
the flow. However, the  flow was s t i l l  not sa t i s fac to ry  at pa r t i a l  gate 
openings when the wa t e r  ahead of the gate  was  a t  o r  n e a r  tile elevation 
of the sk imming  weir .  

The  two cu r t a in  wal ls  we re  removed and a baffle with a d r a f t  
tube-like passage  instal led (F igure  8B). The  t r i angu la r  blocks w e r e  
retained.  The flow condit ions r e s emb led  those with the  s ingle  cu r t a i n  
wall  and w e r e  not s a t i s f ac to ry  a t  pa r t i a l  gate openings. In addition, 
when flow occu r r ed  over  the  sk imming  weir ,  the  plunging nappe en- 
t r a ined  air  which passed under the  baffle and sur faced  in the wei r  pool. 
Considerable  wave a c t  ion resu l t ed .  

The  t r i angu la r  blocks we re  replaced with four  ve r t i c a l  2-7/8-inch 
wide s l a t s  set 314 inch a p a r t  with the cen t e r  opening on the  channel  
c en t e r  l ine(Figure  8C). The  baffle with the d r a f t  tube-like flow pas sage  
was  lowered t o  a point 7 inches  above the floor. Heavy c u r r e n t s  occu r r ed  
around the ends  of th i s  s l a t  baffle thereby necess i ta t ing a n  addit ional  s l a t  
on each  side. The  s m a l l e r  c u r r e n t s  that s t i l l  p e r s i s t ed  w e r e  l a rge ly  
el iminated by 3/4-inch s q u a r e  s l a t s  at tached to  the  s idewal l s  (F igure  8C). 
Good dis t r ibut ion was  obtained at ful l  open gate, but when the gate  was  
par t ia l ly  c losed too much wate r  went through the cen t e r  port ion of the  
s l a t  baffle. Be t t e r  flow at par t i a l  openings r e su l t ed  when the cen t e r  



dow.nsr';.eam end of the baffle with the draft  tube-like floh passage and 
a curtain wall was placed 3 inches downstream f rom it and 7 inches 
above the floor. Improved flow resulted a t  the weir. 

Because the bafile with the draft  tube flow passage appeared 
expensive to build and because i t s  length occupied valuable space in 
the basin, it was removed and replaced by a ver t ica l  curtain wall di- 
rec t ly  above the s l a t  baffle openings (Figure 8D). A second curtain 
wall was placed 12 inches downstream and 8 inches above the floor. 
Good flow resulted in the basin for  a l l  types of operation, and little or  
no air passed the second wall when the skimming weir operated. The 
best  flow a t  par t ia l  gate openings was obtained with the center  baffle 
slot  closed. At full-open gate the best flow was obtained with the slot  
open. In general, the flow a t  a l l  operating conditions was considered 
quite sat isfactory with the center  s lot  closed, and there  was a possi-  
bility that the weir pool could be shortened 3 feet. 

The model was  changed to  represent  the sho r t e r  basin and the 
skimming weir was r a i sed  the equivalent of 6 inches to conform with the 
computed energy elevation in this portion of the aqueduct (Figure 5) .  Re- 
finements were made in the design of t5e baffles to  ease  the i r  construc- 
tion and to  obtain a low loss  of head s o  that a t  35  cfs  the pool upstream 
f rom the turnout entrance would not r i s e  high enough to pas s  water on 

I down the main conduit. The baffles and basin recommended for  use in 
the field s t ruc tu re  a r e  shown in Figure 8E. The flow in the weir pool ~ with 35 cfs flowing and with the gate fully opened, o r  partially closed 

, with the upstream water surface a t  the elevation of the skimming weir, ~ o r  fully closed with a l l  flow over  the skimming weir, is shown in F igure  
9, A, B, and C. Good flow exis t s  for  the normal  operating condition of 
full o r  par t ia l  gate openings and reasonably accura te  determination of 
flow is expected by means  of the head r eco rde r  and s tandard tables for 
suppressed, aerated,  s h a r p  bladed weirs.  At the infrequently expected 
emergeccy operating condition where flow occurs  over the skimming 
weir, the pool is not s o  quiet, but should permi t  a n  approximate meas- 
urement of the flow. This  is considered adequate by the designers.  

The action in the region of t.he baffles is shown in Figure 10, 
A, B, and C. The water  surface and hydraulic jump within the turnout 
s t ruc ture  entrance with a flow of 35 cfs,  a l l  diverted to  the turnout chan- 
nel through the fully opened gate, i s  shown in F igu re  11A. The water 
sur face  for  a flow of 125 cfs  with about 90 c fs  passing on down the main 
conduit and the remaining 35 cfs over the skimming weir, is shown in 
Figure 11B. 

I Flow with Clogged Baffle P o r t s  

Little o r  no debr i s  is expected in  the  Camino Conduit, and the re  
should be little chance of the baffle por t s  becoming clogged once construc- 
tion debr i s  has  been removed. However, i t  was believed wise to  determine 



The  flow is shown in F igu re  1 2  f o r  t h e  gate  fully and pni-tiafiy opened, 
and fo r  flow over  the sk imming  weir .  Approximate measuren ien t  of 
flow will s t i l l  be possible.  

Flow Confined to Main Conduit 
P 

In the p re l iminary  des ign the elevation of the sk imming  wei r  
c r e s t  was  s e t  to the  hydraulic g rade  line a t  the  open sec t ion  of the  
main conduit for  a flow of 90 cfs. The hydraulic g rade  was lower  than 
the energy  g r ade  by the  amount of the velocity head in the main conduit 
section.  The  wate r  in the compar tment  ups t r eam f rom the sk imming  
weir  i s  brought essen t ia l ly  to  r e s t  atid i t s  water  su r f ace  approaches  the 
elevation of the  energy  line, thereby exceeding by the main coriduit 
velocity head  the hydraulic g r ade  and hence the weir  c r e s t .  Wate r  
the re fore  overtopped the  sk imming  wei r  before the de s i r ed  flow of 90 
cfs could be  put down the main conduit. It was  nece s sa ry  to  r a i s e  the  
weir  6 inches s o  that i t  was  a t  the elevation of the  energy  line (elevation 
3321. 3'7) f o r  a 90 c f s  flow (Figure  5). 

S imilar ly ,  in  the  p re l iminary  design,  the top of the r igh t  wall  
of the p z s a g e  leading t o  the main  conduit was  s e t  to  the  hydraul ic  
grade.  With the  weir  r a i s ed  t o  t he  energy  grade,  flow occu r r ed  a c r o s s  
th i s  wall  and into the  s t r e a m  flowing in the  open sec t ion  of the  ma in  con- 
duit (F igure  13A) .  The  undesi rable  c r o s s  flow was  stopped and the  flow 
conditions improved by extending the  wall above the energy  l ine  (F igure  
13B). Some turbulence s t i l l  o ccu r r ed  in the model a t  the conduit en- 
t r ance  because  of the s h a r p  c o r n e r  in  the model. Lit t le  or no turbulence 
should occur  i n  the prototype s t r u c t u r e  because  th is  joint will be well  
rounded. (Figure  2). 

Flow in Main Conduit with Divers ion t o  Turnout  Channel 

No unusual condit ions occu r r ed  when p a r t  of the  flow pas sed  
down the  main conduit and the r ema inde r  w a s  diver ted  through the 
par t ly  opened turnout gate. The flow into the main conduit d ~ w n s t r e a m  
o c c u r s  a s  though no flow w e r e  being diver-ted, and l ikewise the  d ive r s i on  
o c c u r s  as though no wate r  we re  pass ing in  the  main  conduit. 

Emergency  Spil ls  Over  Skimming Weir  

?'he 35 c f s  emergency  spi l l s ,  which mus t  occur  when 1 2 5  c f s  
ente  s t I )  - , - t u r e  and the  turnout gate  i s  pa r t i a l ly  o r  completely 
clc ,I'!, 3 t ' ~  rc(,fi?c!uately handled by the sk imming  weir  (F igure  11B and 
9C:. ?'he : rT ! 2quired to  c r e a t e  flow over  the  wei r  is communicated 
to  t:. L 3n of the  main condhit and th i s  p roduces  a flow sl ightly 
great1 - ..-[I che 90 c f s  fo r  which the conduit i s  nominally designed.  The  
sl ightly Ancreased  flow is not expected to  c ause  trouble.  



Diversion into Turnout Channel--20 cfs 

On the bas i s  of the information obtained in the studies of the 
Station 105t85 s t ructure ,  it was believed that only the turnout channel 
of the Station 263+50 s t ruc tu re  .required model studies. F o r  conven- 
ience and economy the 1:4 model channel was built inside the existing 
Station 105t85 model turnout channel (Figures  6 and 14). The initial 
baffle design was patterned af ter  the one developed for  the f i r s t  s t ruc -  
ture, and s imi l a r  curtain walls were  used (Figure 6). 

The flow conditions in the weir pool were good with the turn- 
out gate full-open, but were  rougher than des i red  a t  par t ia l  gate open- 
ings due t o  excessive flow through the two middle ports  of the s l a t  baffle. 
Good flow a t  par t ia l  openings was obtained by reducing the width of these  
two center  s lo t s  f rom 0. 94 inches to  0.50 inches and by widening the center  
s la t  to  6. 63 inches. The improved flow a t  par t ia l  openings came a t  the 
expense of slightly rougher flow a t  the full gate opening. As  in the f i r s t  
s t ructure ,  this  compromise i s  sat isfactory because most of the field 
operation will be at  par t ia l  openings, and because even a t  full opening 
the pool is adequately quiet (Figure 14, A and R). The pool should re- 
main sufficiently quiet for  a n  approximate measurement  of discharge 
even when emergency flows occur over the skimming weir. No model 
s tudies  were  made for  this  condition. Some air will probably be ca r r i ed  
into the weir pool, but not s o  much as to  cause ser ious  difficulty. No 
fur ther  a l terat ions o r  testing were  believed necessary  and the program 
was terminated. 















A. Compartment above turnout gate - 
preliminary design 

13. Flow moves to right along gatc 
wall and passes  through gatc with 
sideward cornponcnt 

c.. Cut-off wall extending 17 inches 
upstream f rom gate wall 

luote: In final design model 

CAMINO CON 
Static 

Cut-off Wall to Direc 
1:4 

1,. Plow i s  directed m o r e  squarely 
toward gate by 17 inch cut-off wall 

wall exterlsion i s  18 inches 

DUIT TURNOUTS 
In 105+85 
:t Flow Into Turnout Gate 
Scale 







A .  Gate  ful ly  open.  Upstream w .  s. e l e v .  

~ 3 3 1 5 . 6 8  

H. Gate  part ial ly  c l o s e d .  Upstream w. s. 
e l e v .  approx.  3321 .37  

C. Gate c l o s e d .  F l o w  o v e r  sk imming  w e i r .  
Upstrttarn w .  s. elev. 3322 .40  

CAMINO CONDUL'I' 'L'UIINOU'I' 
SLalion 105+85 

35 cis Flow in Region of lieco~rlrne~~ded Baff les .  



Figure 1 1  
lieport Zlyd. 

A. Hydraulic jump in turnout s tructure  
. with 35 c i s  and turnout gate  full 

open. w.  s .  e lev.  3315 .68 .  (No 
f low to main  conduit downstream) 

B.  hlaximuni flow of 125 cfs. 96 c f s  con- 
tinuing in downstream main conduit, 
and 35 cfs passing o v e r  turnout s k i m -  
ming weir.  w .  s. e l e v .  3322.40  

CAMlNO CONDUI'I' 'I'UHNOU'I'S 
Station 105t85 

F l o w s  of 35 and 125 c i s  in ' I 'u rnout  Structure 





B. Improved flow with raised wall 
Recommended Design 
Q = 90 cis 

CAMINO CONDUIT 'I'U RNOU'I'S 
Station 105t85 

Flow in Open Section of Main Conduit 

Figure 13 
Report Hyd. 382 

A. Flow across  the right wall of the 
passagc to open section of main 
conduit. ~ r e l i m i l l a r ~  design. 
Q = 90 c f s  



A.  Ciate fully open 

B. Gate partially c l o s e d  

CAMINO CONDUL'r TUIINOU'rS 
Station 263t50 

20 c fs  Flow in Weir Bas in  With R e c o r n e n d e d  Baff les:  


